Raman-and IR-spectra of four compounds of the general composition TlelöMj/",, (I4) \n: formal valence of the M-atom, M = Ag, Au, Pb and (Bio.sTlo.s)] were investigated in order to identify the polyiodide species present. In accordance with structural results comparable amounts of l4 2-and l3~/I~-groups were found for M = Ag, Pb and (Bio.sTlo.s), while in Tl6l6Au2(Li) I3 _ /I~-groups predominate.
I. Introduction
Hexagonal compounds of the general composition T16I6 MO/£ (I4) 2-(n being the valence of the metal atom) display channels along the crystallographic C-axis, accommodating linear chains of polyiodide ions [1] . For M = Ag [2] , Pb [3, 4] and (Bi0 5Tl0 5) [5] the results of structure determinations suggest the presence of I4 2~ groups, while asymmetric I3-and I~-ions seem to predominate in Tl6I6Au.2(I4) [6] . However, the straightforward interpretation of the structure analyses is difficult due to the unusually large anisotropic temperature factors of the iodine atoms along the C-axis, a result which might be interpreted as positional disorder, permitting the presence of both I4 2-and I3~ in any of these compounds. Another complication arises from a yet unresolved superstructure for M = Bi0 5Tl0 5, which is very likely related to the arrangement of the iodine atoms within the channels.
In an effort to settle these questions, we tried to identify the different species of polyiodide ions by means of their Raman spectra which are an especially suitable tool due to the resonance enhancement of the polyiodide internal vibrations [7] . Raman spectra of polyiodide compounds with iodine groups ranging from I2 up to I-have been recorded and assigned in some cases in the last years, especially by Marks and his group [7] . No data are yet available on I4 2~-groups. Reprint requests to Dr. H. J. Stolz, Max-Planck-Institut für Festkörperforschung, Heisenbergstr. 1, 7000 Stuttgart 80.
II. Experiment
The compounds were prepared according to procedures given earlier [1 -5] . Raman spectra were excited with laser lines from an Argon ion laser between 514.5 nm and 457.9 nm with a typical power of 50 mW and recorded with a double holographic grating monochromator, an RCA 31034 A02 photomultiplier plus associated photon counting electronics. The spectrometer slits were set for a resolution of 5 cm -1 . The samples were measured at 80 K in a liquid nitrogen cryostat to avoid sample heating and surface burning from the incident laser light. The IR spectrum of Tl6I6Pb(I4) was measured on a Beckmann IR Fourier spectrometer with a resolution of 4 cm -1 at room temperature.
III. Results and Discussion
The spectra of polycrystalline samples of the four different compounds, recorded at 2L = 488.0 nm and T = 80 K are shown in Figure 1 . The corresponding peak positions are collected in Table 1 . The dependence of the spectrum on the excitation wavelength for T16I6 (Bi0 5Tl0.5) (I4) is shown in Figure  2 . The unpolarized IR-reflectivity of Tl6I6Pb(I4) is given in Fig. 3 , the peak positions are listed in Table 1 .
In an attempt to identify the different possible Ix-groups in the polyiodine chains by referring to their known spectra from the literature one can immediately eliminate the presence of I2-and I5~-groups, the I5~-group being built up by an I -located symmetrically between two I2-groups. Both of them would imply the occurence of strong peaks from the I2-stretching vibration at 209 cm -1 and 160 cm -1 for I2 [8] and I5 - [8] , respectively. The remaining problem is how to separate out the possible coexistence of I3-and I4-groups. The symmetry types and activities of the internal phonons of the ideal linear molecules I3~ and I4 2-with symmetry Dxh are listed in Table 2 . Under the influence of lowered molecular symmetry due to changes in the atomic distances and of solid state effects the clearcut separation between IR-and Raman activity may break down, the frequencies may shift and degenerate modes may split. While thus the Raman spectrum of isolated symmetric I3~-groups in polycrystalline (C6H5) 4As + I3~ as well as that of (C6H5)CONH2)2H + I3~, where I3" units are lined up in a linear chain, only shows the totally symmetric line at 118 cm -1 plus overtones [8] , the same linear chain arrangement of asymmetric I3"-groups in bis (1,2-benzoquinone dioximato) Nil [9] and in pyridinium triiodide [10] yields in addition to the strong totally symmetric line at 105 cm -1 a weaker line at 163 cm -1 assigned to the in-phase oscillation of the outer I atoms in the I3~-group. An even stronger distortion of the I3~-group is observed in Csl3, where the molecules are no longer linear, but slightly bent (a= 178°) [11] , and strongly coupled to each other through a zig-zag chain arrangement, so that both stretching vibrations appear with equal strength in the Raman spectrum as factor group split doublets at 96, 105 cm -1 resp. 139, 150 cm -1 besides the bending and librational modes at 72,80 cm -1 and 56,63 cm -1 [11] .
Based on these results and on the fact that iodine atoms are restricted to a linear chain structure in our compounds we can assign the line at 108 cm -1 and the weak structure at 163 cm -1 for Tl6Ic(Bi0.5Tl0 5) (I4) (see Figure 2 ) to the two stretching vibrations of I3 -. Consistent with this assignment is our finding that the intensity of the 108 cm -1 line does not change much with the excitation energy as it is observed in all I3 -containing compounds [8, 9] . Relative to the 108 cm -1 line the intensities of the peaks at 94 and 146 cm -1 drop when the excitation energy is changed from 2.41 eV (514.5 nm) to 2.71 eV (457.9 nm). We therefore identify them with the two Raman active stretching vibrations of I4 2-(see Table 2 ).
Their lowered frequencies with respect to those of L -are in agreement with the expectations. The remaining broad structures at 205 and 245 cm -1 would then be an overtone of the I3~ symmetric stretch vibration and a combination of the two I4 2--fundamentals respectively, whereas the weaker peaks at 70 -80 cm -1 could be associated with bond-bend- 
ing and/or librational modes [11] . The corresponding IR active bending and stretching modes are found in the IR reflectivity spectrum of Tl6I6Pb(I4) see Fig. 3 and Table 1 ). On the ground of this mode assignment for Tl6I6(Bi05Tl0-5) (I4) we can now try to correlate the observed Raman spectra of our compounds with the structural results (1 -5) (see Figure 1 ). Starting at the bottom with Tl6I6Auä(I4) the absence of peaks at 95/146 cm -1 and the relative prominence of the structures at 101/167 cm -1 can easily be reconciled with the structural result: prevailing presence of I3~, I~-groups and virtual absence of I4 2--groups. The so far neglected influence of the I~ could then be associated with a local mode of I -between two I3 _ groups giving rise to the band at 120 cm -1 . The assignment of this band to the totally symmetric stretching mode of a symmetric I3~ would be in contradiction to the structural results. However, it is still an open question why this mode is missing in the spectrum of Tl(iIc(Bi0 5Tl0.5) (I4). Concerning Tl6I6Pb(I4), the peaks at 93/145 cm" 1 plus the weak shoulder at 103 cm -1 suggest the predominant existence of I4 2~-ions besides a small number of I3~, I~-groups, the structure at 120 cm -1 again being interpreted as in the case of T16I6AU2(T4) . The same line of arguments can be applied to Tl0I6Ag2 (I4), except for the fact that instead of the usual 95/108 cm -1 doublet only one peak at 102 cm -1 with a FWHM of 10 cm" 1 is observed, possibly due to a slight down shift of the I3~ symmetric stretch vibration together with an upshift of the I4 2 -stretch vibration.
Conclusion
Starting from structural results onTlGI6M"/^ (I4) 2_ , [M = Ag, Au, Pb, (Bi0-5T10.5) ] compounds suggesting different arrangements of the I4-group in linear chains, the Raman spectra of these compounds have been interpreted to yield a predominant existence of I3~, I~-groups in Tl6IGAuo(I4) whereas a coexistence of I4 2--and I3 _ , I~-groups is found in the other three cases. This result can be correlated again with the structural findings. In contrast to the other three compounds, in Tl6I6Au2(I4) only 13% of the Au atoms occupy approximately the center of an I6-octahedron, whereas the other 87% are located in the faces of the octahedron in a trigonal planar arrangement with the surrounding I atoms [6] . This relative change of the z-coordinates of the Au atoms with respect to the I4-groups acts back on the Tlglg lattice and induces the formation of asymmetric I3~-groups. The construction of a Ku-band microwave Fourier transform spectrometer is described in detail. The optimal cell length, sensitivity and resolution is discussed. Some sample spectra of SO2 and OCS isotopes are given.
It is well known that Fourier transform (FT) spectroscopy in the near and far infrared [1, 2] has several advantages in comparison to conventional methods. The same may be stated for Fourier transform NMR spectroscopy [3] . Recently the FT-technique was extended to the microwave region [4] . Ekkers and Flygare [5] reported a construction for the band of 4 to 8 GHz.
We decided to construct a MW-FT-spectrometer in the region of 12 to 18 GHz, which seems presently the highest frequency region for such a type of spectrometer, as certain microwave parts are not yet commercially available for higher frequencies. We present in detail our construction, a discussion of optimal cell length, sensitivity and resolution and our experiences. Some results have been published recently [6, 7] .
Apparatus
A block diagram of the spectrometer is shown in Figure 1 . Details are given in Figs. 2 to 8.
The signal source (2) is a phase stabilized backward wave oscillator (BWO). The CW-microwave is pulse modulated and amplified with a travelling wave tube amplifier (TWT) (3). In the sample cell (4) the ensemble of molecules is polarized [8] . The transient emission signal of the molecules is superheterodyne detected in (5 a) and converted to a 0 to 50 MHz IF signal with a phase stabilized CW-MW local frequency (6) and a 130 MHz RF-frequency (5 b). With a 1 bit transient recorder/digital averager (7 a) the IF signal is digitized and averaged if the signal power to noise power ratio S/N is less than 1/2. For transient signals with S//V>! a Biomation 6500 waveform recorder together with a Fabri-Tek 1072 averager is used. The computer (8) prepares the data, if necessary by additional averaging and calculates the spectrum by a Fourier transformation or evaluates the relaxation time. The controller (7 b) synchronizes the pulse generation and the signal conversion.
The frequencies are referred to a quartz oscillator * of high precision which is regularily compared to the normal frequency of 77.5 kHz of the DCF 77 Mainflingen radio station/Germany.
In Fig. 2 we give the details of the phase stabilized CW signal source. The main problem is to produce a MW signal of known frequency and high spectral purity which is especially free of modulations, as those may be a source of coherent disturbances **.
So the mixer (2.5) is arranged in the side arm isolated by the attenuator (2.3) and isolator (2.4). Further oscillations in the phase lode loop should be minimized. This is done by a proper setting of the synchronizer (2.10) and the RC filter (2.11). It is also important to prevent a leakage of the MW out off the waveguide and cable connectors.
The MW pulse generation and amplification is presented in Figure 3 . The MW pulses are generated with the switches (3.4) and (3.5). The minimum length of a pulse with full amplitude is 10 ns as the rise and fall times of the switches are in the order of 5 ns. The isolator (3.3) and attenuator (3.1) prevents a disturbance of the MW source by reflect- Fig. 3 . Pulse generation and amplification. 3.1 Attenuator 3.2 Waveguide to coax transition; 3.3, 3.8 Coaxial isolator 18 dB isolation; 3.4, 3.5 and 3.9 Pin-diode-switch, Hew lett Packard 33144A with driver 33190A; 3.6 TWT-Ampli tier, Hughes 1177 A (10 W); 3.7 Low VSWR «1.10) waveguide to coax transition; 3.10 Line-receiver and driver (optocoupler), power supply. * Presently the A/D-conversion step width is referred to a separate 100 MHz quartz. It will be replaced by a synchronized oscillator. ** We avoid the term "coherent noise" as noise isja statistical phenomenon. ed MW power when the switches are closed. The switches are opened in overlapping time intervals to produce pulses of variable length (compare Figure  8) . We have selected this switch type as rise time (5 ns), isolation (80 dB), insertion loss (specified max. 3 dB, measured 2 dB) and power compatibility is excellent. The low power MW pulses are fed to the TWT amplifier (3.6) by a low VSWR coaxial to waveguide transition (3.7). The amplitude of the pulses is controlled by the attenuator (3.1). The amplified MW pulses reach the sample cell (4) by an isolator (3.8) and the switch (3.9). The isolator (3.8) protects the TWT against reflected MW power. Switch (3.9) , which is open for the MW pulse, cuts off TWT noise from the detection system (5) during the measuring period by 80 dB. The optocoupler and driver unit (3.10) rejects reflected command pulses on the long cables from the controller (7 b) and avoids ground loops. A sufficient shielding is also necessary in this part of the spectrometer. All connections on the MW pulse path are made as short as possible to reduce the time of disturbance by reflected pulses.
Some features of the sample cell (4) have to be considered in connection with Figure 4 . For an optimum performance of the spectrometer the molecules in the cell (4.3) should be polarized by an incident MW pulse of suitable length (near TI/2-pulse) only once. This pulse must be prevented from reaching the detection system (4) which is made by a proper timing of the closing period of the switch (4.5) (comp. Figure 8 ). As the closed switch (4.5) reflects the incident power a pulse travels back to the sample cell. A multiple polarization and an interference with the transient signal in the detection system (5) is minimized and shortened by insertion of four low VSWR waveguide isolators (4.2) and (4.4). So the sample cell of 12 m length is divided into three sections of 4 m length each. By the use of four isolators the reflected pulse which again readies the cell end after approximately 80 ns is attenuated at least by 120 dB in comparison to 30 dB, if only isolator (4.4) is used. The polarizing pulse at the cell end is typically between 15 and 26 dBm. So the reflected pulse compares to a transient signal, which was measured for OC 34 S (a = 3 • 10~7 cm -1 ) as typically -76 dBm. (Estimated from theory for plane waves -80 dBm). By this arrangement the measurement of the transient signal may be started earlier. We tested also a SPDT switch (General Microwave F 8928) with a termination on one end. The performance was not better.
The cell windows were found to leake MW power. We shielded the windows by copper tubes and MW absorbing material. Presently the isolators (4.2) between the three segments of the sample cell (4.3) are enclosed by windows. We intend to avoid these reflection points by a special construction. The connection of the vacuum system (4.8) to the sample cell is made by small holes of 1 mm diameter to minimize reflections. This leads to a large evacuation time. In order to decrease this time a special connection was built, where a piece of waveguide is removed during the evacuation period and is inserted during measurements. The cell may be cooled to -65 °C with liquid methanol (cryomat Lauda K90SW) flowing through a cooling jacket. and converted to a signal with a center frequency of 30 MHz and band-limited to 50 MHz by the low pass filter (5.6). As tested in narrow band from 11.2 to 11.8 GHz a low noise microwave amplifier* reduces the noise figure of our detection system and the influence of coherent disturbances by increasing the signal level at the mixer. The amplifier was inserted in front of the isolator (5.1). One or two units of (5.7) are used as postamplifier. It is important, that the IF local frequency is spectral pure. By using several filters and amplifiers, we obtain a 130 MHz signal which is 80 dB above other harmonics of 10 MHz. Figure 6 shows the phase stabilization of the MW local oscillator which should be of high spectral purity. It is phase stabilized 160 MHz above or below the signal frequency by the mixer (6.3), the filter (6.5), the amplifier (6.6), the IF mixer (6.7) and the synchronizer (6.8). The second mixing is necessary as the synchronizer (6.8) works at 30 MHz. The isolators (6.2) and (6.4) reduce modulation on the MW signal and local frequency. We choose the IF of 160 MHz as commercial parts are available with a sufficient bandwidth and smooth characteristics within the bandwidth. We found no difference in performance, when using a BWO or a YIG tuned Gunn oscillator as the MW local source.
* Miteq AMF-3A-/112-1, NF 3.9 dB, gain 23 dB. To account for the sampling theorem [9] the transient signal has to be digitized with a rate equal to or higher than 100 MHz or a step width equal to or less than At = 10 ns.
To improve the 5/A-ratio for a weak spectrum a large number of single measurements have to be averaged synchronously. For a 5/A-ratio smaller than 1/2 our 1-bit A/D-converter * is sufficient and converts the signal almost linearly.
To exploit fully the FT method the repetition rate of the measurement following the polarization by the MW pulse has to be high. The rotational relaxation time T2 sets an upper limit in the order of 200 kHz. With the present technology this could be reached at high cost. As a compromise we reduced the maximum repetition rate to 18 kHz** which leads to a reduction of the obtainable S/A-ratio by a factor of three Our instrument has presently a digitizing rate of 100 MHz a and takes 256, 512 or 1024 sample points of the transient signal. Figure 7 . The analog input signal is preamplified by a shielded unit (7.1) and discriminated to be of positive or negative voltage (7.2). The comparator (7.2) transfers the results in series to a 8 bit shift register (7.3) with a rate of 100 MHz. Via the parallel output of (7.3) the data are transfered 8 bit in parallel to a buffer of 128 x 8 bit (7.4). The correct order of the data is restored during the read out by a 8 to 1 multiplexer (7.5).
To synchronize the experiment with the data acquisition the start signal is referred to the 10 MHz reference frequency of the spectrometer (7.6). The start signal triggers the controller (7.8) and a 100 MHz start-stop quartz oscillator (7.7). This oscillator provides the digitizing rate or the time interval between the data points. As the precision of the digitizing rate contributes to the accuracy of the MW frequency determination of a line we preferred a quartz rather than a free running oscillator [5] . This oscillator determines also the transfer rate from (7.3) to (7.4) and the address advance of the recorder address oounter. The data acquisition may be shifted with respect to the starting point of the experiment by a programmable delay (7.11) . During the data acquisition the 10 MHz reference frequency is switched off to reduce interference.
After acquisition the data are read in series from (7.9) and added to the contents of the 1 K x 16 bit memory (7.12) with a cycle time of 200 ns. This limits the repetition rate of the experiments to 18 kHz for 256 data points. After averaging the data may be displayed on an oscilloscope or transfered to the computer (Figures 1, no. 8 ). As an example Fig. 9 d, c gives an averaged signal and Fourier transformed spectrum.
Optimum cell length
We now proceed and discuss theoretical expressions which relate the amplitude of the emitted field at the detector to the length of the sample cell. The treatment includes the effects of the cell attenuation which has not been considered so far in the theoretical description of transient emission experiments. As result an estimate of the optimum cell length is obtained.
As shown in the appendix, the electric field amplitude Eem of the emitted microwave radiation for a rectangular waveguide with cross section axb (0 O^y^b, a >6) and length
(1) Fig. 8 . Timing of the command pulses for the PIN diode switches.
To derive (1) angular frequency of the molecular transition with dipole matrix element = 2 ju^/h). £0 is the electric field amplitude of the microwave pulse at the beginning of the absorption cell and tp is the pulse duration.
zl/V0 is the population difference of the transition at equilibrium and cg is the microwave group velocity. The transient emission signals are observed for times t ^ tj. A damping constant ag has been introduced in (1) to account phenomenoligically for the cell attenuation which gives rise to a damping of both the exciting and emitted radiation.
No analytical solution of the integral in (1) has been found for general microwave pulses which are characterized by duration /p and amplitude £0 and a numerical analysis of (1) has to be performed to obtain the dependence of Eem on cell length L in the general case.
To simplify the analysis we replace the Bessel function in (1) by a sine function, ]x (x c0 tp e~a^z l2 ) ^ \ sin(x £0 tp e~a gZl2 ), which gives a result holding for a plane wave: Carrying out the differentiation of (2) with respect to L gives dEeJdL-=F(t)e->" LI2 (sin(**0*p) + xe0tp {Ci(xe0 tp e~* LI2 ) -Ci(xe0tp)}} where C i is the cosine integral function.
With (3) and (4) the optimum cell length Lop may be determined numerically for fixed values of ctg and x eq tp .
The dependence of signal amplitude on pulse duration tp may also be investigated within the limit of approximation (2) . A maximum in emission signal is obtained for a pulse duration satisfying the condition
Differentiating (2) with respect to tp gives
Combining the conditions (3) and (5) for optimum cell length Lop and optimum pulse duration Jp-op gives with (4) and (6) the condition for /p-op
which defines a ^r-pulse at the beginning of the absorption cell
= (8)
Then, for a typical attenuation constant ag = 1.15 Xl0 -3 cm -1 or 0.5 dB/m an optimum cell length Lnp = 26.7 m is obtained by means for Eqs. (3) and (4) if (8) is satisfied. The emitted field amplitude which results with (2) and the values for Lop and fp.op (£era = 10.9 x F{t) for a.g = 1.15 X 10~3 cm -1 ) may be compared to the emission signal as obtained for shorter cell length. Thus for a 12 m absorption cell the optimum pulse duration is shorter (x£0*p = 2.2) and the field amplitude is about 80% of the optimum value.
A closed expression for Lop may be obtained for short pulses with the restriction (9) which is only applicable in favourable cases.
Then, by using the series expansion of the first order Bessel function
we may rewrite (1) considering only the first order term in (3)
Considering the dependence of signal amplitude Eem on the cell length L in (11) we obtain maximum change in signal if
With (12) the optimum cell length L"p is given by Lop = 2/ag (13) a result which also holds for conventional microwave spectrometers [10] . Then, for ag = 1.15 x 10" 3 cm _1 an optimum cell length of 17.4 m is obtained.
It is easy to show that (6) is also valid for the experimental arrangement of separated parts of the absorption cell (see discussion above) as long as the first order approximation (3) is well satisfied. Then, the additional loss due to the inserted ferrite isolators gives only rise to additional damping of the signal without changing the functional form of the Independence of the emitted field.
Sensitivity
We noticed that the limitation of our spectrometer sensitivity is presently not given by noise but by coherent disturbances, which we reduced by a large amount by different precautions in the construction given above. To reduce the coherent disturbances further a baseline substraction was incorporated in the 1-bit transient recorder/digital averager. In alternating sequence the transient signal produced by a polarizing MW-pulse and the transient disturbance without a pulse are measured and substracted. This diminishes the noise reduction by ]/2. The result is demonstrated in Figures 9 a, b .
Another method of suppressing the coherent disturbances is a phase shifting method as it is used in FT-NMR instruments [11] . If the MW of the polarizing pulse is shifted alternatively from 0 to 180° and back in consecutive pulses and the induced transient signals are added and subtracted respectively, coherent disturbances not correlated to this phase shift are suppressed without a sacrifice of the improvement of S/N ratio. The phase (hange of the MW pulse may be replaced by a phase change of the MW local or IF local frequency. In this case the suppression should be reduced however as coherent disturbances on the MW or IF local frequency respectively cannot be cancelled. As the phase changing is simplest for the IF frequency and independent from the used MW frequency we started preliminary experiments with this alternative. The set up of The two other alternatives are presently being tested. Figures 11 and 12 give the lines with the smallest absorption coefficient in the order of 10 -9 cm -1 we measured up to now. In this case the power of a transient emission is in the order of 5-10~1 7 W. The measuring time was 960 and 300 s. It should noticed that a sharp line with a long transient decay is easier to measure than a broad line of the same height as the measuring time T is more effectively utilized for a sufficiently long decay. 
Frequency Measurement and Resolution
The frequency of a spectral line is determined after the Fourier transformation from the set of Fourier coefficients pk = }/ak 2 + bk 2 . The ak are the cosine, the 6k are the sine transformation coefficients. They are related to the frequency by
with k = 0,..., N/2, N number of data points in the time domain, At digitizing step width. We determine the line maximum by a three point parabolic interpolation. We estimate that depending on the S/N ratio the frequency error is 0.1 to 0.2-1 /N-At or 10 to 20 kHz for N At = 1024 • 10 ns which is of the same order as in Stark spectroscopy. Other interpolation procedures will hardly improve the precision as an isolated line is determined only by few points (5 to 7 point). Increasing the number N of data points will be more effective.
A larger error results presently from the inaccuracy of the digitizing step width At. We believe, that a free running oscillator in the transient digitizer is not adequate. As we use a medium quality quartz in the transient digitizer, to control the step width, the error can be corrected. The errors compensate if -^ 50 MHz which is fulfilled in the middle of the IF-frequency range. So we estimate the frequency precision to ±20 KHz for A =1024 and J« = 10ns, when the compensation is made. To overcome this disadvantage we plan to replace the 100 MHz quartz by a synchronized oscillator related to the frequency standard.
In Table 1 we give frequencies for comparison. As an accurate line shape analysis is difficult due to the low point number neighbouring lines are only resolved if the Fouriercoefficients fulfil the conditions *:
o-k > +1 and + 2 > +1 • (1") * Here we refer to the cosine transformation. which is 200 kHz with our present set up. Figure 11 demonstrates this fact. It may be improved increasing NAt = T [5] .
Here we assume implicitely that the lines are narrow enough. For two lines of equal height and line maxima corresponding to the coefficients ak anda^-^2 (17) implies
assuming Lorentzian line profile. For T= 1024 -10 ns this condition is usually fulfilled for low pressures ( < 10 m Torr).
Conclusion
In this paper we report on our experiences with Fourier transform spectroscopy in the microwave region. Details of the construction of a Ku-band MW-FT-spectrometer are given and the feature of the apparatus are discussed. As demonstrated with the spectra of rotational transitions of OCS isotopes, the sensitivity of the FT-spectrometer is sufficient to record rotational lines with absorption coefficients as low as a^ 10~9cm -1 with a reasonable S/N-ratio ( > 10). As compared to a conventional Stark-moduIated microwave spectrometer the times which are necessary to record such weak spectra over a range of 50 MHz are considerably shorter with the Fourier transform method.
Due to the limited number of data points the accuracy of the line frequency determination is presently restricted to about 20 kHz. By the same reasons only lines which are separated more than 100 kHz may be resolved. However the inherent resolution of the FT method is in advantage to frequency domain spectroscopic methods which exhibit additional line broadening due to power saturation and modulation.
In addition to the measurement of microwave spectra of stable molecules in the ground electronic state, the FT spectroscopy may be useful for the investigation of rotational spectra in transient conditions as each measuring cycle takes only a few microseconds. Thus unstable species or rotational transitions in metastable excited vibronic states may be investigated. Further application of the spectrometer has proved to be useful for the determination of rotational relaxation times by measuring the transient response of the molecular sample shortly after the pulse excitation.
